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Clostridium difficile-associated colitis

Mark W. Hull, mp Paul L. Beck, MD, PHD, FRCPC

ABSTRACT

OBJECTIVE To review the basic microbiology, pathogenesis of disease, and diagnosis of the nosocomial pathogen
(lostridium difficile and to examine therapies recommended by the Canadian Task Force on Preventive Health Care.
QUALITY OF EVIDENCE MEDLINE was searched using MeSH headings. Controlled trials for therapy were sought, but
case-control studies and observational reviews were included.

MAIN MESSAGE Clostridium difficile causes approximately 20% of cases of diarrhea associated with antibiotics,
including clindamycin and the second- and third-generation cephalosporins. Diarrhea is usually mild, but can be
severe; extreme cases develop toxic megacolon. Diagnosis is dependent on demonstrating presence of clostridial
toxin in stool specimens or of pseudomembranes through sigmoidoscopy. First-line therapy for C difficile diarrhea is
restricted to metronidazole. Second-line therapy for treatment failure is vancomycin. For relapse, a second course of
metronidazole is recommended; tapering courses of vancomycin and probiotics are used for multiple recurrences.
CONCLUSION Clostridium difficile is an important nosocomial pathogen requiring prudent use of antibiotics and strict
infection-control policies to prevent large health care costs.

OBJECTIF Faire le point sur la microbiologie, la pathogénicité et le diagnostic de I'agent pathogéne nosocomial
Clostridium difficile et examiner les traitementss recommandés par le Groupe de travail canadien sur la médecine
préventive.

QUALITE DES PREUVES MEDLINE a été répertorié a l'aide de mots clés MeSH. On a retenu des essais thérapeutiques
controlés, mais aussi des études cas-témoins et des études d'observation.

PRINCIPAL MESSAGE Le C.difficile est responsable de 20% environ des cas de diarrhée associés a des antibiotiques,
notamment la clindamycine et les céphalosporines de troisieme génération. La diarrhée est généralement bénigne,
mais elle peut étre sévere, avec complication de mégacolon toxique dans les cas extrémes. Le diagnostic repose sur la
découverte de la toxine du Clostridium dans les selles ou de pseudomembranes a la sigmoidoscopie. Le métronidazole
est utilisé seul comme traitement initial, avec la clindamycine comme second recours. En cas de rechute, on
recommande une nouvelle cure au métronidazole. Les rechutes multiples exigent I'utilisation de vancomycine et
d'agents probiotiques.

CONCLUSION Le C. difficile est un important agent pathogéne nosocomial qui requiert une antibiothérapie prudente
et de strictes mesures de contréle d'infection afin éviter des colts de santé élevés.

This article has been peer reviewed.
(et article a fait l'objet d'une évaluation externe.
Can Fam Physician 2004;50:1536-1545.
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ntibiotic use is now commonplace both
within hospitals and in the community at
large. Diarrhea is a common complication
of antibiotic therapy: quinolones and macrolides are
associated with rates of 2% to 5%, while other agents
(such as amoxicillin-clavulanate and cefixime) lead to
diarrhea in 10% to 25% of treated patients (Table 1).!

Table 1.Common antibiotics associated with C difficile
diarrhea

MOST COMMON

Clindamycin

Penicillin derivatives (especially amoxicillin-clavulanate)

Cephalosporins (especially third generation)
LESS COMMON

Macrolides

Quinolones

Tetracyclines
RARE

Metronidazole

Vancomycin

Approximately 15% to 20% of cases of antibiotic-
associated diarrhea are caused by a single bacterial
entity, Clostridium difficile.>® Clostridium difficile
infections are an increasing problem; C difficile is
recognized as the most common nosocomial gas-
trointestinal infection. Originally isolated in 1935,
C difficile was initially thought to be a component
of normal flora, and was not identified as a patho-
gen until the 1970s when colitis associated with
clindamycin use was further investigated. In this
update we review C difficile disease emphasizing
pathophysiology, diagnosis, and treatment from
family physicians’ perspective.

Quality of evidence
A MEDLINE search was conducted using the key
words Clostridium difficile, pseudomembranous
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colitis, and antibiotic-associated diarrhea. The
search was limited to English-language articles,
clinical trials, and review articles. Publications thus
selected were then reviewed for additional perti-
nent references, and a final list of original articles
was compiled for inclusion.

Microbiology and pathophysiology
Clostridium difficile is an anaerobic Gram-positive
bacillus capable of spore production. These spores
are heat resistant and can survive in the environ-
ment for many months despite desiccation and
exposure to disinfectants. There have been reports
of viable spores being found on clothing and hos-
pital furniture and equipment. Thus, these spores
contribute to exogenous exposure to C difficile via
the fecal-oral route. Spores survive ingestion to
germinate in the colon to form vegetative bacilli
capable of growth and toxin production.

Pathogenic strains of C difficile cause diarrhea
and colitis via toxin production.* Two major toxins
have been identified: toxin A is a 308kD enterotoxin,
and toxin B is a 269kDa cytotoxin. Both toxins are
capable of stimulating production of proinflamma-
tory cytokines* that have been implicated in the
pathogenesis of pseudomembranous colitis.? The
toxins act by altering the regulation of cytoskeletal
protein, resulting in cell rounding and ultimately
cell death.” Animal models demonstrate that toxin
A induces epithelial desquamation and increased
mucosal permeability leading to increased fluid
secretion.® Toxin B lacks significant enterotoxic
effects in animal models and was not considered a
substantial contributor to human disease. Recent
in vitro data using human colonic epithelial cell
lines suggests, however, that toxin B is 10 times
more potent at inducing colonic injury than toxin
A This finding is consistent with clinical evidence
indicating that toxin A—negative—toxin B—positive
strains can account for nosocomial disease, as evi-
denced by a recent outbreak in Winnipeg, Man.?

In addition to toxin production, C difficile can
harbour specific antibiotic-resistant gene cas-
settes such as the ermB gene, which encodes a 23S
ribosomal methylase responsible for resistance to
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macrolide-lincosamide-streptogrammin (MLS) anti-
microbial agents. This MLS marker has been iden-
tified in several outbreaks of C difficile in which
exposure to the antibiotic clindamycin, a derivative of
the lincosamide group, was shown to be a trigger.’

Clostridium difficile requires a perturbation in
the normal colonic flora microenvironment for
overgrowth, increased toxin production, and thus
clinical disease to occur.? Indigenous intestinal flora
exert a protective effect referred to as coloniza-
tion resistance, which generally limits colonization
by pathogenic microorganisms. Antibiotic therapy
disrupts these protective flora allowing coloniza-
tion and overgrowth by C difficile.

Clinical manifestations

Clostridium difficile disease presents in a variety
of ways, ranging from asymptomatic carrier status
to moderate diarrhea and life-threatening pseu-
domembranous colitis.’® Symptoms usually mani-
fest as profuse diarrhea that is watery or mucous,
sometimes accompanied by abdominal pain and
fever (Table 2). Leukocytosis is a common indica-
tor of C difficile infection; white blood cell counts
greater than 30.0 x 10°/L can occur'! (Table 2).
Extraintestinal manifestations are rare, but can
include cellulitis, bacteremia, abscess formation in
the viscera, and reactive arthritis."?

Patients with more severe disease might have
marked abdominal pain and distention, some-
times accompanied by peritoneal signs. In addi-
tion to the diarrhea, systemic features of anorexia,
fever, dehydration, hypoalbuminemia, and electro-
lyte disturbances can appear®'® (Table 2). Severe
pseudomembranous colitis can have serious con-
sequences'®; patients can present requiring emer-
gency care, acutely ill with life-threatening colitis."
Radiographic investigations can show evidence
of toxic megacolon with colonic dilation on plain
film (Figure 1A). Computed tomography findings
include colonic wall thickening, pancolitis, and
pericolonic inflammation’® (Figure 1B).

Endoscopic evaluation can show diagnostic
pseudomembranes or lesions suggestive of non-
specific colitis, such as erythema, edema, and

Table 2. Clinical presentations
MILD

Diarrhea

Abdominal cramping
Tenesmus
Low-grade leukocytosis
MODERATE
Leukemoid reaction
Fever
Dehydration
Nausea, vomiting
Abdominal tenderness
SEVERE
Sepsis or shock
« Acidosis
« Multisystem organ failure
Tachycardia
Acute abdomen (colonic perforation)
Toxic megacolon
Ascites
Paralyticileus
Hypoalbuminemia

Diarrhea can actually lessen in severe disease

friability."” Characteristic lesions are yellow plaques
2 to 10 mm in diameter with normal mucosa inter-
posed (Figure 1C). In patients with more severe
disease, these lesions enlarge to cover substan-
tial portions of inflamed mucosa, but can be easily
stripped off (thus the term pseudomembrane).’®

Surgery is usually unnecessary, except for 0.4% to
5% of patients who fail to respond to medical ther-
apy or have impending multiorgan failure, toxic dila-
tion, or perforation.'®" The procedure of choice is a
subtotal colectomy and ileostomy. Other approaches,
including segmental resections and diverting stomas,
have higher associated failure rates and complica-
tions.? Mortality for mild cases in collected series
ranges from 1.1% to 3.8%; mortality for severe cases
requiring surgery can exceed 30%.'%*°

Epidemiology
While neonatal and infant carriage rates of C difficile are
as high as 50%,” colonization is usually asymptomatic.
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Figure 1. Features of ( difficile colitis: A) Plain film of abdomen showing bowel wall thickening, loss of haustral markings (thin arrow) and dilation of the
ascending and transverse colon (thick arrow); B) Computed tomographic scan of abdomen showing colonic dilation (thin arrows) and bowel wall thickening with
stranding (thick arrow); C) Endoscopic view of classic C difficile—associated pseudomembranous colitis (arrows mark pseudomembranes).

Colonization among healthy adults is low (0 to 3%),
reflecting exogenous acquisition as a precursor for dis-
ease.!* Studies have implicated hospital environments
for nosocomial acquisition of C difficile. In one study,
21% of patients acquired C difficile after admission with
a median of 12 days between admission and testing
positive for C difficile; most (63%) remained asymp-
tomatic.”* Other studies have shown that length of
stay influences acquisition; the incidence of C difficile
increases greatly after 4 weeks in hospital.*® McFarland
et al* identified positive environmental cultures in 49%
of rooms occupied by symptomatic patients, in 29%
of rooms occupied by asymptomatic patients, and in
only 8% of rooms occupied by patients whose C diffi-
cile cultures were negative. These data clearly show the
importance of person-to-person transmission of C dif-
ficile within hospitals. Acquisition is more likely with
prolonged exposure to contaminated environments.
The community rate of C difficile is estimated to be
between 7 and 12 cases per 100000 person-years.**
Incidence for nonepidemic hospital settings ranges
from 0.1 to 30 per 1000 patients.'

Risk factors
Antibiotic exposure is the single most important risk
factor, contributing to altered gut flora and allowing

overgrowth of C difficile. Disease can occur after
a few days of antibiotic therapy or up to 2 months
after use.” Clindamycin has been identified as a pre-
eminent agent in this regard, a finding confirmed by
recent epidemics where clonal strains of C difficile
resistant to clindamycin by virtue of the ermB gene
have been isolated.” Other antibiotics commonly
found to predispose patients to infection include the
second- and third-generation cephalosporins and
penicillins.*® Less common agents include the qui-
nolones, sulfonamides, and metronidazole.? In addi-
tion to antibiotics, cancer chemotherapy is a risk
factor.” Other important risk factors are increased
age and severity of underlying illness.

Diagnosis

Laboratory testing serves to confirm C difficile—
associated disease in patients with underlying risk
factors and clinical profile. A variety of tests have
been developed for testing diarrheal stools for C
difficile, and their availability depends on local
practice in various health regions.

Enzyme-linked immunoassay for toxin. These
rapid tests use monoclonal antibodies to detect
toxin, and are probably the most widely used assays.
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Commercial kits are available that detect toxin A,
toxin B, or both toxins.?”?® These tests have lower
sensitivity (63%-99%) than cytotoxin culture, but
high specificity (85%-100%).% If test results are
reported negative, sending one or two additional
stools on subsequent days could improve sensitiv-
ity.”® In addition, if toxin A alone is tested, diarrhea
secondary to toxin A—negative—toxin B—positive
strains will be missed.®3°

Cytotoxicity assay. This test is positive when stool
filtrate inoculated onto cell culture monolayer
demonstrates cytopathic effect due to the presence
of C difficile toxin. It remains the criterion stan-
dard of detection. Sensitivity and specificity are
67% to 100% and 85% to 100%, respectively.”® The
test, however, is relatively expensive; it requires 24
to 48 hours for completion; and inactivation of tox-
ins during transport, through dilution of sample,
and through age of the cell line gives rise to false-
negative results.

Other methods. Latex agglutination—based assays
recognize the enzyme glutamate dehydrogenase
but lack sensitivity. Stool culture for C difficile is
sensitive, but will also detect nontoxigenic strains.?
Genetic analysis via polymerase chain reaction
is available, but confined to research settings.
Endoscopy should be reserved for when a patient’s
condition necessitates rapid diagnosis or when
other diagnoses are being considered. Colonoscopy
can detect cases not apparent during sigmoidos-
copy because C difficile infection can involve the
transverse colon or ascending colon cecum with-
out evidence of involvement of the more distal seg-
ments of the colon.

False-negative results can occur in any of these
assays, so if the clinical suspicion is high and the
assay is negative, either the test should be repeated
or sigmoidoscopy or colonoscopy should be consid-
ered. This is critical, for we have seen several cases
where the initial assay is negative and empiric C dif-
ficile therapy is stopped or the diagnostic possibil-
ity of C difficile is abandoned, resulting in delayed
treatment and unfortunately serious adverse out-
comes for some patients.
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Treatment

Once C difficile diarrhea is diagnosed, inciting anti-
biotic therapy must be discontinued (if possible).
Antidiarrheal agents should be avoided and nar-
cotics minimized in order to prevent colonic stasis
and decreased toxin clearance. Volume resuscita-
tion is necessary for dehydrated patients. Specific
treatment involves antibiotic regimens directed at
C difficile.

Metronidazole. Metronidazole is recommended
as first-line therapy for C difficile diarrhea in non-
pregnant adults. It is inexpensive and generally well
tolerated; side effects include a metallic taste, nau-
sea, peripheral neuropathy, and disulfiram effect.
Clinical experience with the use of metronidazole
is extensive: a review of 908 cases over 10 years at
an institution showed that 70% of patients were
treated in this fashion, with a 1% intolerance rate
and 2% failure rate.’ Some prospective random-
ized trials have involved metronidazole. In one study
94 patients with C difficile diarrhea were random-
ized to 250 mg of metronidazole four times daily or
500 mg of vancomycin for 10 days. Results indicated
similar responses in both arms; two patients taking
metronidazole had treatment failures.* In another
similar trial the cure rate between the vancomycin
and metronidazole arms was identical (94%),* giv-
ing level I evidence for metronidazole use.

Vancomycin. Oral vancomycin is not well absorbed
from the gastrointestinal tract and has intracolic
effect, with response rates equal to that of metroni-
dazole and superior to other therapies.’”** There is
level I evidence for vancomycin use. Initial studies
used dosages of 500 mg four times daily for 10 days;
however, a dose of 125 mg four times daily has simi-
lar efficacy.*® Vancomycin is second-line therapy and,
because of its cost and the need to prevent develop-
ment of vancomycin resistance in species such as
Enterococcus, is reserved for patients whose treat-
ment with metronidazole fails to provide benefit.”

Other therapies. Other antibiotics shown to be
effective include bacitracin®?® at dosages of 80000

to 100000 U daily, although it is less effective than
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vancomycin. Teicoplanin, another oral glycopeptide,
has similar efficacy to vancomycin®?* (level II evi-
dence), but is not easily available. Fusidic acid has
been used in a few patients®*** but had less success in
terms of overall cure, and relapse rates were higher.

In patients who develop ileus, combination ther-
apy with oral and intravenous agents has been sug-
gested (level IIl evidence).*” Some patients have been
treated with oral antibiotics administered through
nasogastric tube and metronidazole administered
intravenously. Some evidence suggests that bacte-
ricidal concentrations can be reached in the colon
with intravenous metronidazole, but the treatment
route of choice is still by mouth.* There are also
reports of using vancomycin-retention enemas and
of infusing vancomycin into the colon via a rectally
placed catheter for patients unable to tolerate oral
medications.

Asymptomatic patients. Epidemiologic data dem-
onstrate that C difficile can be acquired asymp-
tomatically within hospitals and subsequently
transmitted to other patients.?>?** Evidence that
these patients should be isolated is lacking, how-
ever, and as treatment with metronidazole and van-
comycin does not reliably eradicate spore carriage
in asymptomatic carriers, guidelines from both
the American College of Gastroenterology and the
Society for Hospital Epidemiology of America rec-
ommend against testing stool samples from asymp-
tomatic patients, including posttreatment tests for
cure (level III evidence), and recommend against
treating asymptomatic patients (level I).1**

Recurrent C difficile diarrhea. Approximately
15% to 35% of patients (mean 20%) will have recur-
rent disease, despite initial treatment.** This could
be from reinfection or from germination of residual
spores within the colon. There is no evidence that
recurrent infections cause more severe disease.*!
The first relapse should be treated with a repeat
course of metronidazole®® (level III evidence).
Observational data indicate only 8% of cases
had more than one relapse.® For cases of multiple
relapse, treatment strategies vary, but support-
ive evidence is poor. Tedesco et al** published a

—~< FOR PRESCRIBING INFORMATION SEE PAGE 1582
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series of 22 patients treated with a tapering oral
vancomycin schedule in which the 125-mg dose
was administered four times daily but reduced
to 125 mg twice daily and then again by half on a
weekly basis until pulse doses of 125 mg of vanco-
mycin were administered every 3 days for 2 weeks*?
(level III evidence). The tapering treatments were
aimed at eliminating germinating spores over an
extended period. This regimen has received some
support in a post-hoc analysis of the placebo arm
of a randomized controlled trial for Saccharomyces
boulardii used to treat recurrent cases: placebo
cases treated with tapering courses of vancomycin
had significantly fewer recurrences.*” Vancomycin
and rifampin combination therapy was shown to
be beneficial in a small uncontrolled study of seven
patients™ (level II evidence).

Biologic agents. In a placebo-controlled trial, 124
patients were randomized to receive either standard
antibiotic therapy, or antibiotics and Saccharomyces
boulardii, a yeast previously shown to be benefi-
cial in animal models. Treatment with the yeast
for 4 weeks was shown to reduce recurrence rates
from 65% to 35% in patients with recurrent dis-
ease® (level I evidence). Other agents that have
been studied include Lactobacillus GG, although at
present evidence is restricted to a case series of five
patients and to preliminary data from a controlled
study*® (level II evidence). In cases of continued
relapse, other therapies, such as rectal instillation
of a mixture of anaerobic bacteria or rectal enemas
of feces from healthy relatives, have been used to
restore colonic flora.””

When to get help

There are no clear-cut guidelines on when to
refer patients to specialists or when patients
should be hospitalized. Because many episodes
of C difficile colitis likely resolve without ther-
apy or even a visit to a physician, we believe that
many, if not most, cases can adequately be han-
dled by primary care physicians in the commu-
nity. We suggest referring patients or seeking
hospital admission if they:
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+ have trouble maintaining their volume status;

+ have any signs of systemic toxicity, such as high
fevers, marked elevations in white cell counts, or
bandemia;

+ have severe abdominal pain or tenderness;
+ have any peritoneal signs;
+ have any features of toxic megacolon; or
+ have any signs of sepsis.
Referral should also be considered when diagno-
sis is in question, for those who fail to respond to
therapy, and for those with other serious comorbid
illnesses. If recurrent disease has relapsed after two
or more courses of therapy, referral to a specialist
should be considered.

Conclusion

Clostridium difficile has become well recog-
nized as a major nosocomial pathogen asso-
ciated with antibiotic use within hospitals
and communities. Disease due to C difficile is
responsible for substantial strain on the hospi-
tal system by increasing patients’ length of stay
and increasing costs. Diagnosis should be con-
sidered if patients have diarrhea and a history
of antibiotic exposure. Toxin detection assays
remain the first step in proving infection; how-
ever, sigmoidoscopy should be considered if
patients have possible alternative diagnoses or
if assay results are negative but clinical suspi-
cion is high. Prevention of infection, by prudent
restriction of antibiotic use, strict adherence to
hand washing, disinfection, and infection con-
trol precautions for infected patients, is crucial.
Antibiotic therapy for first-episode infections is
well established; however, treatment of relapsed
cases is less well defined and multiple relapses
could require lengthy therapy. %
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EDITOR’S KEY POINTS

« Diarrhea is a common complication of antibiotic treatment: associ-
ated with about 2% to 5% of cases treated with quinolones and
macrolides and with 10% to 25% of cases treated with clindamycin,
clavulin, and third-generation cephalosporins.

« (linical manifestations of  difficile range from asymptomatic carrier
state to the usual diarrhea and abdominal cramps, to sepsis, shock,
and toxic megacolon.

- Rates of C difficile are much higher among in-hospital patients; risk
increases with length of stay. Diagnosis is based on testing for A and
B toxin.

- Treatment includes discontinuing the offending antibiotic,
avoiding antidiarrheal agents, and supportive care for toxic cases.
Metronidazole is first-line treatment with vancomycin as backup.
Recurrence is common and patients should be re-treated with
metronidazole first.

POINTS DE REPERE DU REDACTEUR

- Ladiarrhée est une complication fréquente de I'antibiothérapie : elle
survient chez environ 2-4% des patients traités par les quinolones et
les macrolides et dans 10-25% des cas traités par la clindamycine, le
clavulin et les céphalosporines de troisieme génération.

« Les manifestations cliniques du C. difficile vont de I'état de porteur
sain au mégacolon toxique, en passant par la diarrhée habituelle
avec crampes abdominales, la septicémie et le choc.

- Le C difficile est beaucoup plus fréquent chez les patients hospita-
lisés, le risque augmentant avec la durée du séjour. Le diagnostic
repose sur la présence des toxines A et B.

« Le traitement inclut I'arrét de I'antibiotique responsable, I'absten-
tion d'agents antidiarrrhéiques et le support de I'état général en cas
de toxicité. Le métronidazole est employé en premier recours et la
vancomycine en second. Les rechutes sont fréquentes et exigent une
nouvelle cure de métronidazole.
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